Abstract -The correct genome size in Hedera helix L. has long been problematic, because several authors have reported nuclear DNA content plasticity in connection with phase change from juvenile to adult. Although this has been disproved, nevertheless uncertainty existed on the correct genomic DNA amount, due to one significantly higher flow-cytometric estimate in the more recent literature. The present analysis is concerned with this problem of a possibly variable genome size within the species or other reasons for this discrepancy. 
INTRODUCTION
Renewed interest in genome size variation in plants and its biological significance highlights the technical problems and sources of error in nuclear DNA content determination. A number of recent publications made clear, that such problems and errors are serious and widespread. Cases of variation within a species are particularly interesting for biological reasons, and at the same time difficult to evaluate with regard to reliability, because both has been found: Genuine variation (e.g. maize, LAURIE and BENNETT 1985; RAYBURN et al. 1985) and reported variation that could not be reproduced by other workers (e.g. Pisum sativum and other cultivated plants as Glycine max, BARANYI and GREILHUBER 1996; GREILHUBER and OBERMAYER 1997; OBERMAYER and GREILHUBER * Corresponding author: fax ++43-1-4277-9541, e-mail johann. greilhuber@univie. ac. at 1999; see also the critical reviews by GREILHUBER 1997 GREILHUBER , 1998 . The common ivy, Hedera helix L., once was discussed as an example for genome size plasticity that occurs during the characteristic developmental shift from the juvenile to the adult phase. Although this claim of plasticity has been disproved (DOMONEY and TIM-MIS 1980; POLITO and ALLIATA 1981; KONIG et al. 1987) , there is still disagreement in the literature as to the nuclear DNA content of ivy. Of relevance are the measurements of DOMONEY and TIMMIS (1980; 2C = 4.6 pg) and MARIE and BROWN (1993; 2C = 8.18 pg) , that contrast with data of the present laboratory (KONIG et al. 1987; 2C = 2.96 pg 
MATERIALS AND METHODS

Material
Hedera helix, H. helix £ arborescens (-H. arborea hort., = H, conglomerata hort.) and H. colchica were taken from the systematics section and other stands in the Hortus Botanicus Vindobonensis (HBV). Hedera canariensis was collected in Tenerifa (leg. W. Willner; Tenerifa, north side of the Anaga mountains, in Laurus nobilis wood, creeping, 800m a.s.l.). For identification we used KUNKEL and KUNKEL (1978) and WEBB (1968) . Seeds of the standard species Glycine max 'Ceresia' and Pisum sativum 'Kleine Rheinlanderin' were of commercial origin. Herbarium specimens are deposited in WU.
Chromosome counts
Feulgen stained meristems as used for densitometry were also used for chromosome counting.
Flow cytometry
Young, not fully expanded leaves of Hedera sp. and G. max 'Ceresia' were co-chopped in isolation buffer, digested with RNAse and stained with propidium iodide (PI), as described in BARANYI and GREILHUBER (1996) and in GREILHUBER and OBERMAYER (1997) . We adopt for G. max a 2C value of 2.256 pg (see OBERMAYER and GREILHUBER 1999;  very similar values were obtained in the study of DOLEZEL et al. 1998 , especially with lamp-based flow cytometers and Feulgen densitometry). The samples were run on a Partec PA II flow cytometer equipped with a mercury lamp, an appropriate filter set (see GREILHUBER and OBERMAYER 1997), a glycerol immersion objective, a specially manufactured quartz cuvette and a red sensitive photomultiplier. For immersing the objective, which is horizontally placed in the PA II, the optical gel by Cargille (Code 0607) was used (TEMSCH et al. 2000) . Sample sizes are given in Table 1 . CVs were usually below 2.5 %.
Feulgen densitometry
Shoot meristems of Hedera helix L. (juvenile and adult), H. helix f. arborescens and H. colchica (juvenile and adult), and root meristems of Hedera canariensis and of P. sativum 'Kleine Rheinlanderin' were fixed in 4% phosphate buffered formaldehyde for 100 min., thoroughly washed in methanol-acetic acid (3:1) and stored in 96% ethanol at -20°C. We adopt for P. sativum a 2C value of 8.84 pg (see GREILHUBER and EBERT 1994) . The Feulgen reaction was conducted according to GREILHUBER and EBERT (1994) , using hydrolysis in 5 N HC1 at 20.0°C for 75 min. The measurements were done with the video-based cell image retrieval and evaluation system (CIRES, release 3.0), Contron Munich. For details see Table 1 .
Statistical analyses
For statistics SPSS for Windows 6.0 package (SPSS, Chicago, 111.) and NESTAN routine of the BIOM-pc Vers.2.1. package (ROHLF 1992) were used.
RESULTS AND DISCUSSION
Chromosome counts in H. helix and H. helix £ arborescens confirmed 2n = 48, and in H. canariensis 2n -48 is the likely number but could not be established definitely because of paucity of material. In H. colchica a likely number of 2n -192 (a minimum of 2n=190) was counted. Taking 2n=48 as diploid chromosome number, H. colchica is octoploid. These numbers are in agreement with the most recent list of chromosome counts given in VARGAS et al. (1999) .
The genome size measurements are summarized in Table 1 . With flow cytometry, genome sizes were 2.80 pg for H. canariensis and H. helix, and 2.82 pg for H. helix f. arborescens, which are statistically insignificant differences (ANOVA). With Feulgen these taxa were slightly but significantly different (p = 0.0019). The difference of 1.064-fold to 1.100-fold of the Feulgen data compared to the PI data may be in part a consequence of the different standards used and their genome size values adopted (our value for G. max was taken from our most recent study using PI; OBERMAYER and GREILHU-BER 1999). One should note that a 1C-value of 1.48 pg for H. helix, as found with Feulgen scanning densitometry by KONIG et al. (1987) , is slightly lower than, but similar to the present results. In H. helix juvenile and adult shoots were again shown to be the same in genome size (Feulgen, p = 0.4043, details not shown). The present data therefore strongly support the earlier data for H. helix by the present laboratory (KONIG et al. 1987) . The congruence in genome size of plants so far apart geographically as those of H. helix in Vienna and H. canariensis on Tenerifa suggest a remarkable constancy of genome size in this alliance.
The 2C values of 10.90 pg (PI) and 11.40 pg (Feulgen) in H. colchica (2n = 192, 8x ) from two stands in the Botanical Garden were markedly higher than in H. helix and H. canariensis, but corresponded well to these in basic genome size. As expected, DNA contents of creeping and pendent shoots were very similar (Feulgen, p = 0.0120 upon ANOVA, but non-significant upon Scheffe test).
The report by MARIE and BROWN (1993) of 2C = 8.18 pg for H. helix thus remains unsupported by the present data and must presently stand as an atypical value in the list of DNA amounts (BENNETT and LEITCH 1997) . MARIE and BROWN (1993) used a different standard species, Petunia hybrida, for calibrating their absolute DNA contents, but the good correspondence of their and our data in certain species which we have also measured (Allium cepa, Arabidopsis thaliana, Ginkgo biloba, Linum usitatissimum, Pisum sativum, Raphanus sativus, Zea mays; GREILHUBER 1987 GREILHUBER , 1998 DOLEZEL et al., 1998) would indicate that the choice of the standard is not a reason for the conspicuous discrepancy in DNA amounts of H. helix observed by the two laboratories.
